To investigate the association between body mass index (BMI) and functional health according to age and the support available from a close confidant. DESIGN: A cross-sectional population-based study. PARTICIPANTS: A total of 20 921 participants in the European Prospective Investigation into Cancer and Nutrition, aged 41-80 y resident in Norfolk, England. MEASUREMENTS: Standardised clinic-based assessment of BMI, self-reported functional health status assessment (according to the anglicised Short Form 36 (SF-36) Health Survey questionnaire) and the availability (and quality) of a close confiding relationship. RESULTS: Self-reported physical functioning declined steadily with increasing age. Obesity (BMI Z30) was strongly associated with self-reported physical functional health, equivalent to being 11 y older for men and 16 y older for women (after adjustment that included prevalent chronic physical conditions and cigarette smoking). This adverse effect of obesity on physical functional health was found to increase with age for both men and women. Perceived inadequacy of a confiding relationship was associated with reduced physical functional capacity, equivalent to being 4 y older for men and 5 y older for women. For those with markedly inadequate confidant relationships, the impact of obesity on physical functional capacity was approximately constant by age. For those not critical of the adequacy of their confiding relationships, the impact of obesity was least for those younger but rose to equivalent levels as those with markedly inadequate confidant relationships among older participants. CONCLUSIONS: The availability of a close confidant relationship (perceived as uncritical and characterised by the absence of shared negative interactions) may delay the impact of obesity in reducing physical functional capacity.
Introduction
Obesity is a major international public health concern associated with increased disability and mortality that continues to prove resistant to effective prevention and treatment strategies. [1] [2] [3] [4] [5] [6] In England, almost two-thirds of men and over half of women are either overweight or obese, with obesity estimated to be an associated cause of loss of 18 million working days a year through illness (with associated secondary health problems that include heart disease, type II diabetes, high blood pressure and osteoarthritis), 30 000 deaths a year, and to be associated with premature mortality (with on average, life being shortened by 9 y). 7 The physical health burden imposed by obesity is further compounded by emotional and social consequences that include depression, discrimination, prejudice, low self-esteem, reduced mobility and social stigma. 5, [8] [9] [10] [11] [12] Measures of functional health provide an insight into the impact of obesity on quality of life. Evidence from the few general population studies available has shown physical functional capacity of both men and women to be progressively impaired with greater degrees of obesity, (mostly, though not entirely) in contrast to that for emotional and social functioning. [13] [14] [15] [16] However, understanding of how this relationship varies by age and sex remains poorly understood. Increasing age is associated with a progressive impact on functional capacity, but with pronounced variability. [17] [18] [19] Recent work has suggested that the relationship between obesity and functional health status is not conditional on age. 20 However, the use of rudimentary nongeneric measures of functional status, lack of adjustment for chronic disease comorbidity and the relatively small sample size have all served to limit the likely generalisability of these findings. Evidence for a relationship between social integration and reduced mortality risk, based upon large prospective studies, has suggested that individuals isolated from others are at over twice the risk of dying prematurely from all causes compared to those who maintain strong ties to friends, family and community. [21] [22] [23] Recent evidence from the Nurses' Health Study, both cross-sectionally 24 and prospectively, 25 has demonstrated significant associations between social network characteristics (in particular, the absence of a close confidant), and reduction in physical functioning (after adjustment for health behaviours and comorbid conditions), equivalent in magnitude of effect 'to those observed among heavy smokers, or women in the highest category of body mass index (BMI) ( 24 , p. 711 our italics). Further work has noted that social relationships can be associated with mixed (both positive and negative) health effects according to their context and nature; for example, promoting self-esteem or dependence. [26] [27] [28] [29] However, we are unaware of any report in the literature that has examined social support as a potential mediator of the association between measures of obesity status and functional health. Our primary aims are to examine the age and sex association between BMI and functional health (including adjustment for chronic disease comorbidity), and to establish whether the social support available from a close confidant mediates the association between BMI and functional health (and how this varies with age). Essentially asking: by what relative difference in age do the obese and nonobese differ in terms of their respective physical functional capacities and is support from a close confidant important for understanding that difference? To provide evidence of the relative health of the study participants, we aim to underpin our findings by presenting SF-36 summary score data for our cohort as compared to existing norms available for England.
Methods
During 1993-97 EPIC-Norfolk recruited by post, through general practice age-sex registers, 30 414 eligible men and women (then) aged 40-74 y and resident in Norfolk, England. 30 A baseline questionnaire survey was completed that included questions on educational attainment, current and lifetime cigarette smoking and whether a doctor had ever confirmed to them a diagnosis of any of a range of medical conditions. In comparison with the general resident population of England, the EPIC-Norfolk cohort is representative in terms of anthropometric variables, blood pressure and serum lipids, but has fewer current smokers. 30 37 and now used extensively worldwide (currently translated into over 40 languages). The instrument was designed to provide a profile (rather than a unitary measure) of behavioural dysfunction associated with current health status. It has been validated against measures that include work capacity, symptoms, use of care services and measures of mental health. 38 Its particular use in health service research is in the measurement of outcomes and assisting with decisions concerning the value of particular interventions in effecting a change in patient quality of life. The instrument has also been used by some 24 as a multidimensional measure of healthy ageing.
Scoring of the SF-36
The eight SF-36 subscales and two distinct higher-order summary scoresFthe Physical Component Summary (PCS) and Mental Component Summary (MCS)Fwere derived according to algorithms specified by the original developers. 36, 39 The subscales were scored on a scale from 0 (worst) to 100 (best) health. Available data were used where at least half of the items were completed for each individual scale. PCS and MCS scores were created by aggregating across the eight SF-36 subscales, transformed to z-scores and multiplied by their respective factor score coefficients, and standardised as T-scores with mean 50 and s.d. 10. Factor score coefficients used to derive the component scores were based upon a US 39 as opposed to a UK population on the basis of uniformity for cross-national comparisons. 40 Obesity, confidant support and functional health PG Surtees et al
Social support
Adaptation of the Close Persons Questionnaire (CPQ) 41, 42 provided assessment of the social support available to EPICNorfolk participants. This instrument was designed for use in population surveys and originally to provide indices of confiding/emotional, practical and perceived inadequacy (and negative aspects) of relationships available from (up to) four nominated close confidants during the year prior to assessment. CPQ scales have been shown to have satisfactory repeatability (over a 1 month period) and moderate criterion validity against measures derived from an interview-based support assessment. 41, 42 Advised CPQ adaptation for inclusion in the HLEQ (by the original instrument designer) to limit respondent burden, restricted assessment to the closest confidant, slightly reduced the total items assessed (from 14 to 10) and retained the capacity to provide scores on each of the three support indices, with the measure of inadequacy (negative aspects) of a close relationship fully represented (see the appendix for details of the individual scale items and scoring). Analysis was restricted to the confiding/emotional support scale (four items representing shared interests, reciprocity, self-esteem strengthening) and the perceived inadequacy (negative aspects) of a close relationship scale (consisting of four items representing negative interactions with and perceived inadequacy of support from the closest confidant). The practical support scale (of two items) was omitted from analysis as these questions were concerned with the need for instrumental support and could reflect participant health care-related requirements. 45 and the 1996 Health Survey for England (HSE) (based upon 16 054 participants aged 16 y or over, assessed through face-to-face interview). 45, 46 Normative SF-36 data for the EPIC-HLEQ sample are presented as mean scores and standard deviations and tabulated for the eight subscales and two component summary measures (PCS and MCS) by age and by sex, along with the percentage of participants at the ceiling (with a score of 100) and at the floor (a score of 0) of the distributions (for the subscales). Unadjusted mean SF-36 subscale and summary scores are presented for BMI by sex, and adjusted differences in mean summary scores (PCS and MCS) are presented by sex (as b coefficients and standard errors) according to BMI and social support, obtained from linear regression models: A; adjusted only for age and prevalent physical disease, and B; with multiple adjustments for age, prevalent disease, social class, employment status, educational attainment and cigarette smoking status. Variables included: age in 5 y bands; social class as I, II, III nonmanual, III manual, IV and V (and with a missing value category included to minimise data losses); employment status as working full or part-time, unemployed or economically inactive, and, permanently unable to work because of sickness or disability; educational attainment as those with no formal qualifications, those with formal qualifications usually associated with a school age of 16 y, those with formal qualifications (or vocational equivalent) usually associated with a school age of around 18 y, and those with degree-level qualifications; and cigarette smoking as never, ex or current. Prevalent physical disease was defined as the presence of any of four chronic medical conditions: cancer (not including skin cancers, and confirmed by data from the East Anglia cancer registry), diabetes, myocardial infarction or stroke. Social support was represented as the presence of a close confidant (as a binary factor), and for those reporting a close confidant, confiding/emotional and negative aspects of a close relationship are investigated based on tertiles of the original scale scores. Where differences are expressed as a relative PCS-age, they have been converted on the basis that the mean PCS score was found to reduce by 1.57 points for every 5 y increase in the age of participants in this cohort. A final analysis investigated the association between BMI (as a binary variable; obese (Z30) vs not obese (o30)) and PCS score, stratified by age (41-54 y, 55-64 and 65-80) and by negative aspects of a close relationship (also binary; marked vs little or none, moderate and no confidant). Tests of differences in the impact of BMI, by age and support, were obtained from multiple regression (support and age groups combined) through the inclusion of interactions. The interaction by age group was assumed to be linear. The plots of mean PCS score by age and support were obtained from Table 1 shows comparisons firstly between observed mean SF-36 scores in the HLEQ sample (n ¼ 20 921) and expected mean scores agesex standardised to population norms from the HSE and Omnibus cohorts and secondly, between observed scores in the HLEQ sample restricted to those aged less than 65 y (n ¼ 12 833) and expected scores standardised to population norms from the OHLS. The pattern of mean SF-36 scores observed in the EPIC-HLEQ cohort is remarkably similar to that obtained from these other UK studies. Table 2 shows mean SF-36 data by age for men and Table 3 by age for women. In line with the results of other studies, mean SF-36 primary subscale scores were all higher for men (indicating better health) than for women except for the reporting of General Health. Increasing age was associated with a decline in all primary and higher order dimensions of reported health except for mental health where both the Mental Health subscale (MH) and component score was higher as age increased (for both men and women). In addition, Tables 2 and 3 show the distributions (standard deviations and percent at ceiling and floor) of subscale and summary scores within each age-band and by gender. These reveal that the HLEQ cohort includes participants reporting all levels of functioning. Standard deviations are comparable to those obtained from the other UK studies (data not reproduced here). In addition, comparison of summary score standard deviations with the US population values (10) on which the scoring algorithms were derived 39 . The presence of a close family member or friend from whom they could obtain support was reported by 15 511 (90.6%) of the sample, the majority of these (11 803) being the spouse or partner. No differences in mean BMI were observed by the three social support variables (data not shown). Table 4 shows mean (unadjusted) SF-36 scores by categories of BMI. Those with BMI in the normal range (18.5-24.99) generally had the highest mean scores on the eight subscales and two summary scores, notable exceptions being for mental health and MCS which were at their highest for those in the overweight category (25.0-29.99). Mean scores were generally lower for those who were underweight (o18.5) and declined steadily with increasing BMI. This decline was most pronounced for the physical functioning and role physical subscales, and correspondingly the PCS, with least variation for mental health and MCS scores. Table 5 shows differences in mean PCS and MCS scores by BMI and confidant support, adjusted firstly for age and prevalent chronic physical conditions and subsequently for social class, employment status, education and cigarette smoking. Obesity (BMI 430) was associated with a sizeable Obesity, confidant support and functional health PG Surtees et al reduction in PCS for both men and women. After adjustments, for men, a difference in mean PCS score of 3.52 points (between those who were obese and those within the normal BMI range) was equivalent to being approximately 11 y older (where mean PCS score was found to decrease by 1.57 points for every 5 y increase in age in this cohort). In women, a difference of 5.11 points was equivalent to being 16 y older. Of the confidant support measures, only the close relationship scale, concerned with perceived inadequacy and negative interaction, was related to PCS, with the presence of marked (as compared to little or no) inadequate support associated with a reduction in PCS score of 1.34 points for men and 1.68 points for women, equivalent to being 4 and 5 y older for men and women, respectively. All three confidant measures were strongly related to MCS, with poor or inadequate support associated with worse functioning. BMI was associated with MCS in women but not in men, with those who were underweight (BMI o18.5) showing worse emotional functioning.
BMI
A final analysis investigated further the association between obesity (now as a binary variable; BMI Z30 vs o30) and PCS score. Table 6 shows this association stratified by age, sex and by the measure of confidant relationship inadequacy (marked vs little or none, moderate and no confidant). The magnitude of the association between obesity and poor physical functional health was found to increase with age for both men and women. After stratification by relationship inadequacy, these interactions by age were observed for both men and women with confidant relationships characterised as satisfactory (moderate, little or no inadequacy or no confidant) but not for those with relationships perceived as markedly inadequate. This interaction between obesity and perceived inadequate support was significant for women (P ¼ 0.03) although not for men (P ¼ 0.26).
These interactions for the association between obesity and PCS score are displayed graphically in Figure 1 . In addition to showing the general decline in physical functioning with Obesity, confidant support and functional health PG Surtees et al increasing age, these plots reveal that the gap in functional status between the obese and nonobese widens with increasing age for those not critical of the adequacy of their confidant relationship but remains constant for those with a confidant relationship perceived as markedly inadequate. This suggests that the impact of obesity on self-reported physical functioning was consistently strong for those with markedly inadequate confidant relationships across all age groups and by sex, whereas for those not critical of the adequacy of their confidant relationship (for both men and women), the impact of obesity was less for those 41-54 y of age and progressively increased to attain the same level as for those perceived to have markedly inadequate confidant relationships by age 65-80 y.
Discussion
This study found that functional health was generally worse for those who were underweight compared to those with normal weight and also declined steadily with increasing BMI. This decline was marked for physical functional health but was more modest for emotional functional health. The reduction in physical functional health associated with obesity was equivalent to being approximately 11 y older for men and 16 y older for women. Interactions were observed such that the magnitude of this association was found to increase for progressively older age groups. In addition, confiding relationships perceived as uncritical and characterised by the absence of shared negative interactions appeared to be protective against the adverse effects of obesity in those who were younger (age 41-54 y) but not in those who were older (age 65-80 y). Extensive evidence is now available to show that reliance upon questionnaire-based self-reports of weight provide for a 'flat slope syndrome' (resulting from under-reporting of high weight values and over-reporting of low ones) ensuring marked underestimation of obesity prevalence. [47] [48] [49] In one study, 47 only 55-60% of study participants, classified as Obesity, confidant support and functional health PG Surtees et al obese according to self-report, were confirmed by measured values. It is possible therefore that some of the variation in findings from studies concerning the association between obesity and functional health may be a consequence of the different methods of anthropometric assessment employed. A major strength of the EPIC-Norfolk HLEQ study is that participants' weight and height were assessed through standardised clinic-based assessments. 30, 50 For example, 14.6% of the EPIC-HLEQ cohort had a BMI assessed as Z30 in contrast to 10.3% in the (old) Oxford Regional Health Authority 15 and some 17% based upon the 1996 HSE, 46 ) for the Anglia and Oxford Region, although variation in sample age and health behaviour profiles may account for some of these differences.
A further concern for comparative evaluation of findings is whether previous reports of the obesity-functional health relationship are based upon analysis that has controlled for chronic disease comorbidity. Of three recent SF-36 population-based studies, 13, 15, 16 anthropometric assessment was completed in two by self-report questionnaire 15, 16 and two were unable to adjust for comorbidity. 13, 16 A further strength of the current study was the availability of data that enabled adjustment for a range of prevalent chronic medical conditions. In addition, the HLEQ cohort includes participants with a wide range of levels of functioning and the SF-36 functional health profile was similar (age-sex standardised) to that of three other UK studies (the HSE, Omnibus and OHLS studies). The results observed in this cohort should therefore be applicable more widely across the UK.
The limitations of the current study are firstly that analysis was based upon functional health data collected almost 2 y following the clinic-based anthropometry assessments. While this research design minimised participant burden, we were unable to adjust for any changes in BMI that may have occurred during the interval between assessments. However, given the age of the HLEQ cohort, we would expect very few participants to have had their obesity status incorrectly classified by these circumstances, and certainly less than if the anthropometry measures had been completed by self-report questionnaire coincident with the HLEQ. Secondly, the cross-sectional research design restricts inference to the association between BMI and functional health and allows no insight into causal order in these data. Thirdly, while the adjustment for chronic medical conditions is considered as one of the strengths of the study, these adjustments were restricted to four major conditions (cancer, myocardial infarction, stroke and diabetes) and it is possible that the omission of other (long-standing) medical conditions from these adjustments may have resulted in residual confounding. In addition, it remains possible that confounding of current emotional state, of other health behaviours (including alcohol use and exercise), may have contributed to findings.
The primary outcome measures employed in the current study have been the SF-36 component summary scores (PCS and MCS). Taft et al 51, 52 have raised an important concern regarding the interdependency between these two measures. They note that the scoring system employed, whereby all eight subscale scores load onto both dimension scores, 39 can Obesity, confidant support and functional health PG Surtees et al produce counterintuitive results for those individuals with the most extreme and unbalanced profiles. An example of this scoring anomaly can be seen clearly in our data, whereby women who are obese class III (BMI Z40) have lower scores on all eight subscales than women in the normal range (18.5-24.99 ) and yet have a higher MCS score (see Table 4 ). In this instance, the very large differences in the primarily physical subscales (eg physical functioning, bodily pain) have produced a low PCS score (where they load with positive coefficients) but have resulted in the higher MCS score (where they load with negative coefficients). However, this counterintuitive result is an extreme and isolated case and the general pattern of variation in MCS scores remains a fair (though dampened) reflection of variation in the principal emotional health subscales (eg mental health). However, we agree with Taft et al 51, 52 that caution is needed in the interpretation of these summary scores. The main comparisons in this paper have been between categories of BMI where there are large variations in the primarily physical subscale scores. These variations are well reflected in the PCS. For this reason, and those above, we have focused almost exclusively on the PCS and given only cursory attention to the MCS in these data. In this cohort, obesity was associated with substantially impaired physical functioning and the magnitude of this effect appeared to increase for those in progressively older age groups. The presence of inadequate (negative) support was more important, in terms of physical functioning, than the absence of confiding/emotional (positive) support. Finally, a lack of inadequate (negative) support appeared to be protective in that it delayed the impact of obesity in reducing physical functioning. An extensive literature underpins the importance of measures of social integration and personal attachment for morbidity, 29 mortality, 53 for fostering health behaviour change 54, 55 and for aiding maintenance of the functional abilities of the elderly. 24, 56, 57 Also recognised is that such attachments under some circumstances have the capacity to confer an increased likelihood of the adoption of behaviours detrimental to health. 28 Cognitive-behavioural approaches to obesity treatment have, with some positive effect, employed use of an individual's natural social support system (including family members and friends) in interventions to aid weight loss, to maintain weight control and to cope with specific stimuli associated with overeating. 5, 58, 59 This has led some to argue that involvement of a partner might be especially helpful in the development of effective social support treatment protocols, although tempered by understanding that interpersonal relationships can be both supportive and stressful. 60 Our results suggest that the availability of a close confidant relationship (perceived as uncritical and characterised by the absence of shared negative interactions) may delay the impact of BMI in reducing physical functional capacity. Research designed to clarify this finding may aid formulation and evaluation of psychological models of behaviour change designed to prevent or limit weight gain in adults.
with the closest person (four items). CPQ items included in the HLEQ are shown below according to support category type. Two original confiding/emotional support CPQ items were combined to form question (c) below in the HLEQ. This section of the HLEQ was introduced with the question: Question: Of your spouse/partner, relatives, friends and acquaintances, is there someone you have felt the closest to during the past 12 months; someone from who you can obtain support, either emotional or practical?
Response: yes/no Confiding/emotional support items (4) Response: a great deal/quite a lot/a little/not at all.
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